Background/Aims: SUZ12 and EZH2 are two main components of polycomb repressive complex 2 (PRC2) that is known to be of great importance in tumorigenesis. EZH2 has been reported to play a vital role in pathogenesis of human cancer. However, whether SUZ12 has equivalent roles in tumorigenesis has not been demonstrated. Here, we investigated a possible role of SUZ12 for the proliferation of gastric cancer cells. Methods: Western-blot analysis was used to detected the levels of SUZ12, H3K27me3, EZH2 and p27 in ten gastric cell lines. SUZ12 was depleted by RNA interference. Cell cycle was detected by flow cytometry. Luciferase assays was to analyze whether miR-200b directly regulate SUZ12. Results: We found that SUZ12 depletion mediated by RNA interference (RNAi) led to a reduction of gastric cell numbers and arrested the cell cycle at G1/S point. As an important G1/S phase inhibitory gene, p27 is re-induced to some extent by SUZ12 knockdown. Furthermore, we demonstrated that SUZ12 was directly downregulated by miR-200b. Conclusion: We provide evidence suggesting that SUZ12 may be a potential therapeutic target for gastric cancer.
Introduction
SUZ12 is an essential component of Polycomb Repressive Complex2 (PRC2), which modifies transcription by affecting histone and DNA methylation [1] . SUZ12 has been involved in both histone methyltransferase activity and the silencing function of the EED-EZH2 complex [2] . SUZ12 is hard to detect in normal tissues but amplified and overexpressed in several human cancers, such as oarian cancer, mantle cell lymphoma or breast cancer [3] [4] [5] .
There is increasing evidence showes that SUZ12 plays an important role in carcinogenesis by acting as an oncogene, such as stimulates cell proliferation, blocks apoptosis, and promotes cell invasion and metastasis [3] [4] [5] [6] [7] .
Gastric cancer is the fourth most common cancer worldwide with 930,000 cases diagnosed in 2002. It is a disease with a high death rate (~800,000 per year) making it the second most common cause of cancer death worldwide after lung cancer [8, 9] . As another subunit, EZH2 was demonstrated to play a vital role in pathogenesis of human gastric cancer [10] [11] [12] . However, investigations of the SUZ12 status and function in gastric cancer cells are still unknown. In the present work, we will address this issue by investigating the contribution of SUZ12 to the growth of gastric cancer cell lines.
MicroRNAs (miRNAs) are approximately 21-23 nucleotides long, non-coding RNA, which regulate gene expression at the post-transcriptional level. The members of miR-200 family have been demonstrated to decrease in gastric cancer. [13] In addition, Iliopoulos et al. reported that the miR-200b directly down-regulated expression of SUZ12 in breast cancer stem cells. [4] Here, we are aslo going to address the question that whether miR-200b affects the proliferation of gastric cancer cells through targeting the SUZ12. The MKN1, MKN45, MKN74, AZ521, KATO-III, IM95, IM95M, GTL16, NUGC3 and NUGC4 gastric cancer cells were bought from American Type Culture Collection (ATCC) and cultured in the RPMI media 1640 with 10% fetal bovine serum (FBS) at 37 degrees, 5% CO 2 . The SUZ12 siRNA vector was transfected into gastric cells by lipofectamine 2000 (Invitrogen). MKN45, MKN74, AZ521 cells were plated in 6-well plates a day before grown to 60% confluence. Cells were transfected with 50 pM of silencer negative control miRNA (Ambion) or miR-200b precursors (Ambion) with lipofectamine RNAiMAX (Invitrogen).
Materials and Methods

Cell culture and transfections
Western-blot analysis 20ug protein each well was performed on 4-12% SDS-polyacrylamide gels and transferred onto nitrocellulose (NC) membranes with dry blotting system (Invitrogen). After blocking in 5% nonfat dry milk, the membranes were incubated with the primary antibodies in blocking buffer (1× TBST, 3% nonfat dry milk, 0.2% Tween 20) for overnight at 4 °C. The membranes were washed with 1× TBST and then incubated with secondary antibodies. After final washes with 1× PBS, 0.2% Tween 20, the signals were detected using ECL chemiluminescence reagents (Pierce). Antibodies of SUZ12, EZH2, H3K27me3, p27 and GAPDH (Cell signal technology) were used in this study.
Proliferative and Flow cytometric analysis
Cells were seeded in 96-well plates with 30-50% confluence initially. The proliferation of gastric cells was analyzed using the Cell Counting Kit-8 (Dojindo) after 24, 48 or 72 hours. The absorbance value of each well was determined at 450 nm by a microplate reader (Molecular Devices, Beckman). Cells were fixed with ice-cold 70% ethanol, labeled with PI, and cell cycle was detected by flow cytometry as described before [14] .
Luciferase assays MKN45, MKN74, AZ521 cells were transfected with firefly luciferase reporter (pRL4.51) constructs containing the 3'UTR of SUZ12, (Including a wild type or mutant type containing two substitutions (CAGTATTA to CACTACTA) ),together with 100 nM miRNA negative control, miR-200b by using Lipofectamine 2000. Cell extracts were prepared 48 hours after transfection. The Luciferase activity was measured with using the Dual Luciferase Reporter Assay System (Promega).
Chromatin immunoprecipitation assay
The chromatin in MKN45 cells were cross-linked with formaldehyde and sheared to fragment DNA. The samples were then immunoprecipitated with agarose-conjugated H3K27me3 (cell signal technology) Cui/Chen/He/Xiao: SUZ12 and Gastric Cell Proliferation Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry antibody or IgG control at 4 °C overnight. The following immunoprecipitation was performed according to the manufacturer's protocol (Upstate Biotechnologies, Charlottesville, VA). Brifely, crosslinks were removed at 65 °C for 6 h, and immunoprecipitated DNA was purified by phenol/chloroform extraction and ethanol precipitation. In the immunoprecipitated samples, the p27 promoter was determined by PCR.
Statistical Analysis
All data are reported as mean ±S.E. When comparisons were made between two different groups, statistical significance was determined by the Student's t-test using the SPSS19 software program. P values from a two-tailed test were <0.05 were considered statistically significant.
Results
The growth of gastric cancer cells was inhibited significantly by SUZ12 repression
In order to investigate the role of SUZ12 in the growth of gastric cancer cells, we initially analyzed the expression of SUZ12 in a panel of ten tumor-derived gastric cancer cell lines by western-blot. We found that all tested cell lines expressed considerable SUZ12 protein (Fig.  1) . Subsequently, we generated a siRNA that targeting the region of the SUZ12 transcript and transfected into these gastric cancer cell lines. After 72 hours, the expression of SUZ12 and its targeted H3K27me3 protein were blocked efficiently in all these tested cell lines with western-blot analysis (Fig. 2) . We next determined the effect of SUZ12 depletion on the proliferation of these ten gastric cancer cell lines. RNAi-mediated suppression of SUZ12 expression led to a significant reduction of cell numbers, which was clearly visible 48-72 hours following transfection of SUZ12 siRNAs.
SUZ12 repression led to G1 arrest and re-induced expression of p27 in gastric cancer cells
Cellular proliferation is regulated primarily by the regulation of cell cycle, which consists of four distinct sequential phases, quiescent (G0), prereplicative (G1), DNA synthesis (S), and mitosis (M) states. Here, we performed cell cycle analysis via propidium iodide (PI) staining and flow cytometry. It revealed that a significant increase in G1 population and a concomitant decrease in S phase population after SUZ12 knockdown (Fig. 3B) . These results indicated that SUZ12 repression caused cell cycle arrested at the G1/S point and therefore might inhibited growth of gastric cancer cells. p27 is a cyclin dependent kinase whose major target is the cyclinE/CDK2 complex that governs cell cycle transition from late G1 to S phase [15] . Here, we found that RNAi-mediated silencing SUZ12 was associated with a substantial re-increase of p27 expression at protein level (Fig. 3, 4) . Futhermore, chromatin immunoprecipitation assay showed that depletion of SUZ12 reduced the methylation of p27 promoter significantly when compared to the controls (Fig. 5) . Therefore, it is suggested that over-expressed SUZ12 in gastric cancer cells may contribute to the reduction of p27 expression by hymethylating its promoter.
MiR-200b directly regulated SUZ12 expression in gastric cells
The miR-200 family was found to be down-regulated in gastric carcinoma cell lines, especially those infected with recombinant Epstein-Barr virus (EBV). [13] it reported that MKN45 cells were transfected with a control vector or the SUZ12 siRNA. At 48 h posttransfection, genomic chromatin fragments were immunoprecipitated with H3K27me3 at the p27 promoter. PCR analysis on input chromatin (first two lanes) confirmed that equal chromatin amounts were used for chromatin immunoprecipitation.
Cui
miR-200b seed sequence and SUZ12 3'UTR sequence that is highly conserved among species. Dual-luciferase assay was a standard experiment, which was usually used to confirm the direct targets of miRNAs. We found that the activity of luciferase was inhibited significantly by miR-200b in MKN45, MKN74 and AZ521 cells. Moreover, at protein level, the expression of SUZ12 was suppressed by miR-200b introduction in these cells. Interestingly, the miR-200b mediated-inhibitory effect on the SUZ12 is more significant in MK45 than in another two cell lines (Fig. 4A-C) . The MKN45, MKN74 and AZ521 cell lines that transfected with miR-200b mimics led to cell cycle arrest at G1/S and a significant reduction in cell numbers (Fig. 4D, E) . Summarily, these results suggested miR-200b could down-regulated SUZ12 directly through binding 3' UTR of SUZ12.
Discussion
In our present study, we showed that ten gastric cancer cell lines expressed amounts of SUZ12 protein. Next, we knocked down the SUZ12 efficiently in the tested cells with SUZ12 siRNA. After SUZ12 depletion, the gastric cancer cell number decreased in short term and cell cycle arrested at the G1/S boundary. However, the exact molecular mechanisms how SUZ12 depletion blocks the gastric cancer cells proliferation of are unclear. EZH2, another crucial component of the PRC2 transcriptional repressor complex, could repress the anitiproliferative genes in several types of tumors [16] [17] [18] [19] [20] . A previous study reported that EZH2 led to repression of the growth-inhibitory p27 cell cycle regulator gene in pancreatic cancer cells [21] . Whether SUZ12 has equivalent roles in p27 suppression is still unknown. In this study, we found that SUZ12 knockdown resulted in a re-expression of p27 in several tested gastric cancer cell lines in vitro. In addition, we examined the DNA methylation status of p27 in this process of EZH2 knockdown. The methylated p27 promoter was diminished significantly after SUZ12 RNAi treatment, suggesting that SUZ12 is closely related to the methylation of the p27 promoter and its maintenance. Since p27 acts at the G1/S transition, it indicated that the SUZ12 depletion led to cell cycle arrest at G1/S boundary might through re-induction of p27 expression.
The miR-200 family mainly targeted the ZEB1 and ZEB2 transcriptional repressors of CDH1 and severs as a potential suppressor of epithelial-mesenchymal transition or transformation (EMT) [22, 23] . In a recent report, Iliopoulos et al. demonstrated that miR200b also targeted the SUZ12 through a direct interaction with a perfectly homologous and highly conserved region of the SUZ12 3'UTR. It was indicated that decreases in miR-200b lead to increased SUZ12 expression, increased binding of SUZ12 to the CDH1 promoter, and increased H3-K27 trimethylation and polycomb-mediated repression of E-cadherin expression. Here, we demonstrated that miR-200b could inhibit the expression of SUZ12 and suppress cell growth in MKN45, MKN74 and AZ521 cells. Surprisingly, in MKN45 cells, the function of miR-200b was more significant in terms of SUZ12 suppression and cell growth inhibition. It indicated that miR-200b might repress expression of SUZ12 in a celltype-dependent way. MKN45 is a stem-like cell line, which was established from the poorly differentiated adenocarcinoma of the stomach. MKN74 and AZ521 were differentiated gastric cancer cells. It could be hypothesized that miR-200b mightily control the expression of SUZ12 just in undifferentiated cells, such as cancer stem cells that reported by Iliopoulos et al [4] .
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